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TESTS  OP  REINFORCED  CONCRETE  BEAMS 


Effect  of  Storage  and  Consistency. 

I.  INTRODUCTION 

Concrete,  both  plain  and  reinforced,  has  come 
into  extended  use  in  the  last  few  years  for  nearly  all  classes 
of  engineering  construction.  The  storage  and  mixture  of  the 
concrete  used  in  beams  plays  as  important  a role  as  the  steel 
used  in  its  construction.  The  laws  governing  the  combination 
of  concrete  and  steel,  although  not  absolute,  are  known  with 
sufficient  exactness  to  permit  the  design  of  nearly  all  classes 
of  structures  with  assurance  of  permanent  strength  and 
durability.  This  thesis,  however,  will  aid  in  determining 
the  essential  factors  governing  the  effects  of  storage  and 
consistency  of  reinforced  concrete  beams. 

The  object  of  this  thesis  will  be  to  make  a com- 
parison of  the  strength,  stiffness  and  manner  of  failure  of 
beams;  fl)  stored  under  different  conditions  of  temperature 
and  moisture,  and  (2)  to  compare  beams  made  of  dry  and  wet 
mixtures  of  concrete. 
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II.  THEORY  A3JD  AVAILABLE  LATA 

It  is  a known  fact  that  concrete  used  under  water 
will,  after  a sufficient  time  allowed  for  setting,  he  much 
harder  than  that  of  the  same  mixture  in  open  air.  Concrete 
under  water,  however,  is  much  weaker  for  a short  time  after 
placement  than  concrete  subject  to  open  air  action,  as  the 
latter  comes  to  a permanent  set  more  readily. 

It  has  been  observed  that  frequent  sprinkling  will 
add  to  the  strength  of  the  beam,  and  it  is  proposed  to  get 
further  data  on  this  subject  in  the  following  thesis. 
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III.  MATERIALS,  TEST  PIECES,  AM)  METHOD  OF  TESTING 


The  materials  used  in  making  these  experiments  do 
not  differ  from  those  used  in  actual  practice,  as  the  stone, 
sand  and  cement  were  bought  in  the  open  market.  The  rein- 
forcing bars,  5/8— in.  plain  round  steel,  were  obtained  from 
the  Illinois  Steel  Company  of  Chicago. 

Stone.—  The  stone  was  ordered  screened  through  a 1— in. 
screen  and  over  a l/4— in.  screen.  The  per  cent  of  voids  in 
the  stone  was  44.  In  the  determination  of  the  proportion  of 
voids  in  both  stone  and  sand,  the  material  was  poured  slowly 
into  the  water  so  that  the  -froids  became  filled  with  water  and 
no  air  was  caught.  The  stone,  which  was  rather  hard,  was 
obtained  from  the  McLaughlin— Mate er  Co.  of  Xankakee,  111.  The 
tests  showed  the  results  given  in  Table  I. 

Table  I. 

Fineness  Test  of  Stone. 

Diameter  Per  cent  Passing 


of  Mesh.  1st  Trial  2d  Trial 

inches 

1 1/4  95.8  92.6 

1 82.5  65.0 

1/2  9.3  2.6 

1/4  1.9  0.9 

1/8  1.0  0.7 


Sand.—  The  sand  was  of  good  quality  and  came  from  near 
the  Wabash  River  at  Attica,  Indiana.  It  was  sharp  and  well 
graded  and  was  fairly  clean,  containing  about  two  per  cent 
clay.  The  following  results  given  in  Table  II.  are  the 


' 
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average,  made  by  mechanical  analysis,  in  the  ordinary  standard 
manner.  The  sand  contained  33$  voids. 


Table  II. 


FINENESS  TEST  OF  SAND 


Sieve  No. 

Per  cent  Passing 

5 

98.5 

10 

74.3 

12 

65.5 

16 

56.1 

18 

43.0 

30 

27.3 

40 

17.9 

50 

12.5 

74 

5.6 

150 

1.4 

200 

1.1 

Cement .—  Chicago  AA  portland  cement  was  used. Table  III 
gives  the  fineness  of  cement,  the  determination  being  made 
according  to  standard  method.  Table  IT  gives  the  tensile 
strength  of  both  neat  cement  and  1—3  iportar  for  ages  of 
seven  and  twenty-eight  days.  The  briquettes  were  thumb 
rammed  and  were  stored  in  damp  air  for  one  day  and  under 
water  for  the  remaining  time. 


Table  III 


FINENESS  TEST  OF  CEMENT. 
Sieve  No.  Per  cent  Passing. 


74 

94.7 

100 

89.0 

200 

68.0 

Table  17. 

TENSILE  STBENGTH  OF  CEMENT 


Ultimate 

Strength, 

lb.  per 

sq.  in. 

Neat 

1-3 

7 days 

28  days 

7 days 

28  days 

755 

520 

292 

478 

635 

905 

401 

420 

675 

790 

305 

485 

780 

520 

290 

525 

688 

810 

265 

454 

670 

780 

315 

445 

701 

720 

311 

467 
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Concrete The  concrete  used  for  these  beams  was  not 
very  rich,  uniformity  being  the  quality  most  desired. 
Consequently  great  care  was  taken  in  measuring,  mixing,  and 
tamping  to  produce  a concrete  as  nearly  uniform  as  possible. 

The  concrete  was  of  a 1—2—4  mixture.  All  materials  were 
measured  by  loose  volume.  The  sand  and  cement  were  first 
mixed  dry,  the  stone  being  then  added  and  the  mass  mixed  until 
uniform  in  appearance.  Water  was  added,  except  in  the  con- 
sistency series,  in  such  proportions  as  to  cause  it  to  flush 
to  the  surface  under  light  tamping. 

Metal  Reinforcement .—  In  each  beam  four  5/8— in.  plain 
round  mild  steel  rods  were  used,  all  placed  horizontally  ten 
inches  from  the  top  surface  of  the  beam.  From  the  tests 
made  on  specimens  of  5/8— in.  plain  round  mild  steel  rods, 
such  as  were  used  in  these  beams,  it  is  evident  that  the  steel 
is  of  uniform  grade,  the  yield  point  averaging  37  000  lb.  per 
sq.  in.,  and  the  ultimate  strength  averaging  54  000  lb.  per  sq. 
in. 

Test  Pieces.—  The  test  beams  had  the  same  cross-section 
as  that  adopted  by  the  Committee  on  Plan  and  Scope  of  the 
Joint  Committee  on  Concrete  and  Reinforced  Concrete,  i.e., 

8 in.  x 11  in.  The  span  used  in  testing  was  6 ft.  and  the 
arrangement  of  beam  and  apparatus  was  as  shown  in  Fig.  2, 
page  13. 

The  amount  of  reinforcement  given  in  Table  V.  is 
in  terms  of  the  area  of  the  concrete  above  the  center  of  the 
metal,  no  deduction  being  made  for  the  area  taken  by  the  metal. 


In  malting  the  test  beams,  the  effort  was  made  to 
have  the  conditions  of  fabrication  as  nearly  as  possible  the 
same  in  every  case.  In  general,  two  specimens  of  each  "kind 
were  made,  so  that  one  would  act  as  a check  upon  the  other. 
There  were  ten  test  beams  in  all,  having  the  same  dimensions 
and  the  same  kind  of  reinforcement.  Table  V.  gives  a 
summary  of  the  test  beams. 
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Table  Y. 

LIST  OP  TEST  SPECIMENS . 

All  beams  8 in.  x 11  in.  x 6 ft.  6 in,  long 
Longitudinal  Reinforcement,  four  5/8— in.  plain  round  mild  steel  rods. 


All 

horizontal  10  inches 

below 

top. 

Beam 

Reinforcement 

Mixture 

Water  in 

Span  Age 

No. 

Per  cent 

per  cent 
of 

cement. 

59.0 

feet 

deys 

Remarks 

611-1 

1.55 

1-2-4 

6 

60 

Pry  storage 

611-2 

1.55 

1-2-4 

55.0 

6 

60 

Pry  storage 

612-1 

1.55 

1-2-4 

57.0 

6 

60 

Lamp  storage 

612-2 

1.55 

1-2-4 

56.0 

6 

60 

Lamp  storage 

613-1 

1.55 

1-2-4 

57.0 

6 

60 

Wet  storage 

613-2 

616-1 

Not  tested. 
1.55 

1-2-4 

58.0 

6 

60 

Pry  mixture 

616-2 

617-1 

Not  tested. 
1.55 

1-2-4 

59.0 

6 

60 

(Stone  not  wet) 
Ordinary  mixture 

617-2 

1.55 

1-2-4 

57.0 

6 

60 

Ordinary  mixture 

Making  of  Beams.-  Beams  were  made  directly  on  the  floor 
of  the  concrete  laboratory,  a strip  of  building  paper  being 
first  spread  on  the  floor  . The  details  for  the  forms  used 
are  shown  in  Fig.  1. 


Top  View.  End  View. 

Fig.  1.  Detail  of  Forms. 


The  sides  consisted  of  2— in.  plank  dressed  on  one 
side.  The  ends  were  of  the  same  material  and  were  held  in 
place  by  cleats  on  the  side  pieces.  Braces,  as  shown  in 
Fig.  1,  were  placed  at  the  ends  to  hold  the  forms  together 
and  to  prevent  bulging  during  the  tamping  of  the  concrete. 
The  beams  were  made  in  layers  of  about  four  inches.  After 
each  layer  had  been  tamped  once,  a flat  spade  was  forced 
between  the  face  of  the  form  and  the  concrete  to  produce  a 
better  surface  and  the  layer  was  then  retamped.  Ho  tamping 
was  done  in  the  horizontal  plane  of  the  bars  lest  it  should 
tend  to  cause  a plane  of  rupture.  The  upper  surface  was 
finished  with  a thin  layer  of  1—3  mortar.  The  beams  were 
numbered  in  the  order  shown  in  Table  V.  and  will  be  referred 
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to  in  the  following  discussion  by  these  numbers. 

The  method  of  mixing  the  concrete  has  been  described 
end  Table  V,  shows  probable  range  of  the  amount  of  water  used. 
For  beams  Ho.  616—1  and  616—2,  the  stone  was  not  wet  before 
mixing,  it  being  desired  to  have  this  series  of  a dry  mixture. 
The  forms  were  allowed  to  remain  in  place  seven  days.  The 
average  weight  of  the  beams  was  about  650  pounds,  making  the 
concrete  weigh  about  147  lb.  per  cu.  ft. 

Storage.—  The  beams  were  all  stored  in  the  laboratory, 
being  left  in  the  position  where  they  were  made.  The  object 
of  this  thesis  being  to  determine,  in  part,  the  best  methods 
of  storage  and  the  effect  of  consistency  of  reinforced  concrete 
beams  the  following  methods  of  storage  and  mixture  were  adopted. 

Beams  Ho.  611—1  and  611—2,  (dry  storage)  were  left 
on  the  laboratory  floor,  no  protection  from  drying  out  being 
attempted. The  temperature  of  the  room  during  the  curing  of  these 
beams  ranged  from  50°  to  75°  F.  The  general  age  of  all  the 
beams  in  this  thesis  at  testing  was  60  days,  as  is  shown  in 
Table  V. 

Beams  Ho.  612—1  and  612—2,  (damp  storage),  were 
stored  in  the  laboratory  and  frequently  dampened  by  sprinkling 
and  not  allowed  to  become  dry.  They  were  also  subjected  to 
the  same  range  of  temperature  as  the  above  series. 

Beams  Ho.  613—1  and  613—2,  (wet  storage),  were  also 
stored  in  the  laboratory  and  kept  moist  by  sprinkling  twice 
daily. 


I 
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Consistency. - 

Bearas  Ho.  616—1  and  616—2,  (dry  mixture),  were 
stored  in  the  laboratory.  The  mortar  was  mixed  with  dry 
stone,  the  idea  of  this  being  to  determine  what  effect  the 
use  of  dry  stone  would  have  on  the  strength,  stiffness  and 
manner  of  failure  as  against  beams  made  in  the  ordinary  manner 
from  wet  stone. 

Beams  Ho.  617—1  and  617—2,  (ordinary  mixture),  were 
stored  in  the  laboratory.  The  mortar  was  mixed  in  the 
ordinary  way  for  test  pieces,  the  stone  being  wet  before 
mixing  in  these  cases. 

Further  information  regarding  kind  and  per  cent  of 
reinforcement,  per  cent  of  water,  span,  age,  etc.,  are  given 
in  Table  V.  page  8. 
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DETAILS  OF  TEST. 

The  tests  were  made  on  the  200  OOO-lb.  Olsen  beam- 
testing machine.  The  supports  at  the  end  of  the  span  rested 
on  the  table  of  the  machine,  their  bases  being  cylindrical 
surfaces  of  12— in.  radius  and  their  tops  being  curved  to  a 
small  radius,  thus  allowing  a rocking  action  with  changes  in 
the  length  of  the  beam  due  to  bending. 

The  slowest  speed  of  the  testing  machine,  .04  in. 
per  min.,  was  used  in  applying  the  loads.  At  intervals  of 
2000  pounds  the  center  deflection  was  read.  The  loads  were 
applied  at  the  middle  of  a 7— in.  I— beam,  as  shown  in  Fig.  2, 
The  load  was  transmitted  through  the  I— beam  to  two  1 l/2— in. 
rollers,  placed  at  the  l/3  points  on  top  of  the  beam.  Oast 
iron  bearing  plates  4 in.  x 1 in.  x 8 in.  were  placed  above 
the  beam  at  the  1/3  points  and  below  the  beam  at  the  supports. 
The  plates  were  bedded  in  a thin  layer  of  plaster  of  paris. 
This  was  a means  of  overcoming  the  unevenness  of  the  surface 
of  the  beam.  The  deflections  at  the  middle  on  each  side  of 
the  beam  were  obtained  by  means  of  a fine  thread  stretched  at 
constant  tension  between  points  over  the  supports  at  the 
middle  of  the  depth  of  the  beam.  The  thread  passed  in  front 
of  a mirrored  scale  attached  to  the  side  of  the  beam  at  the 
middle  of  the  span.  The  zero  reading  was  taken  before  any 
load  was  applied,  by  lining  up  the  string  with  its  image  in 
the  mirrored  scale.  Readings  which  were  accurate  to  0.01  in. 
were  taken  at  each  applied  load.  The  time  of  the  ordinary 
test  was  from  a half  to  one  hour.  The  information  regarding 


. 
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the  loads  with  deflections  for  each  beam  can  be  found  in  the 
tables  and  diagrams  at  the  end  of  this  thesis. 


/-oad 


Fig.  2. 

Diagram  of  Beam  and  Apparatus. 
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IV.  EXPERIMENTAL  LATA  AIL  LISCUSSION. 

Outline Eight  beams  were  tested,  although  there  were 
ten  in  the  series  to  be  used  in  this  thesis.  No.  613-2,  wet 
storage  beam,  and  No.  616—2,  dry  mixture  beam,  were  unavoid- 
ably made  too  late  for  testing  results  to  be  shown  in  this 
series.  A description  of  each  beam  with  sketch  accompanying 
will  first  be  given.  The  method  of  failure,  position  of 
lines  of  failure,  maximum  load,  and  kind  of  beam  as  to  storage 
and  consistency  are  also  given.  This  will  be  followed  by  an 
explanation  with  accompanying  tables  of  maximum  loads,  the 
stresses  in  the  steel  at  maximum  load,  unit  shear  in  beam 
at  maximum  load,  maximum  deflection,  etc.  The  diagrams 
mentioned  above  will  be  given  at  the  conclusion  of  the  thesis. 
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The  first  sign  of  failure  of  this  "beam  was  at 
16  000  lb,,  when  the  orach  shown  in  the  diagram  above  appeared 
on  the  left-hand  side  of  the  beam  6 in.  from  the  1/3  point 
and  ran  up  about  4 in.  The  second  crack  (on  the  right)  was 
at  a load  of  18  000  lb.  The  maximum  load  was  reached  at 
19  000  lb.  At  this  point  the  beam  failed  by  diagonal  tension, 

the  line  of  failure  being  shown  by  the  star  in  accompanying 
diagram.  The  crack  seemed  to  follow  the  line  of  reinforcement 
very  closely,  showing  a possible  slipping  of  the  steel  in  the 
concrete,  but  on  investigation  it  was  found  that  there  had  been 
no  such  action  in  the  concrete.  On  applying  more  load  after 
the  beam  had  failed,  the  strength  decreased  very  rapidly. 
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Beam  2To . 611—2. 
Dry  Storage. 


The  first  sign  of  failure  appeared  when  a load  of 
18  000  lh.  had  been  reached,  at  a point  3 in.  to  the  right  of 
the  1/3  point,  running  up  into  the  beam  5 in.  The  beam 
failed  at  a maximum  load  of  22  400  lb. , as  indicated  by  the 
star  above,  by  diagonal  tension.  The  beam  failed  very  suddenly 
at  maximum  load,  no  preliminary  sign  of  failure  showing  until 
at  this  point  a crack  1/8  in.  to  l/4  in.  wide  appeared.  The 
small  hair-crack  3 in.  from  right  1/3  point,  appearing  at 
18  000  lb.,  showed  possible  failure  at  that  point  by  tension 
in  the  steel.  Specimens  of  5/8— in.  plain  round  steel,  as 
used  for  reinforcement  in  these  beams,  showed  the  yield  point 
to  be  approximately  37  000  lb.  per  sq.  in. 
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Beam  No.  612—1. 
Damp  Storage 


Beam  first  failed  at  applied  load  of  10  000  IB. , 
on  left  side  18  in.  from  l/3  point,  running  up  3 in.  The 
maximum  load  was  reached  at  19  500  lb. , the  beam  failing  by 
diagonal  tension  on  the  right  end  16  in.  from  1/3  point  and 
ran  up  diagonally  10  in.  Beam  failed  suddenly,  no  preliminary 
signs  being  noticable. 
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This  beam  first  showed  signs  of  failure  at  applied 
load  of  10  000  lb.  Second  failure  was  at  load  of  14  000  lb. 
on  right  end,  12  in.  from  1/3  point  and  4 in.  up.  Next 
failure  was  at  18  000  lb.  on  left  end  of  beam  13  in.  from 
1/3  point,  running  up  diagonally  toward  l/3  point,  5 in. 

Maximum  load  was  reached  at  18  450  lb.,  the  failure  by  diagonal 
tension  occurring  on  the  left  side  of  the  beam.  Load  dropped 
off  very  rapidly  after  maximum  load  was  reached. 
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Beam  Ho.  613—1. 

Het  Storage. 

The  first  sign  of  failure  occurred  at  an  applied 
load  of  12  000  lh.  at  9 in.  to  right  of  l/3  point  and  ran  up 
5 in.  Maximum  load  was  found  at  14  000  lh.,  the  failure  or 
crack  running  diagonally  from  compression  side  at  1/3  point 
to  end  of  beam,  extending  to  3 in.  from  load  point  on  tension 
side  of  beam.  This  was  the  only  line  of  failure  shown. 
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Beam  No.  616—1. 

Dry  Mixture . 

Sign  of  failure  first  shown  was  a crack  on  left 
side  of  beam  7 1/2  in.  from  1/3  point  at  load  of  12  000  lb. , 
showing  possible  tension  in  steel.  Second  failure  was  at 
IB  000  lb.,  shown  on  right  of  beam,  a hair-crack  7 in.  from 
l/3  point  running  half-way  up  beam.  The  beam  failed  by 
diagonal  tension  at  a maximum  load  of  20  000  lb. , on  right 
end. . The  extension  of  the  crack  along  reinforcing  end 
shows  possible  failure  by  bars  slipping  after  failure  by 
diagonal  tension  occurred. 
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Beam  No.  617-1. 
Ordinary  Mixture. 


The  first  sign  of  failure  came  at  a load  of  16  000  lb. , 
a craok  appearing  on  right  end  of  beam  18  in.  from  l/3  point. 

Next  failure  was  at  18  000  lb.,  when  a crack  appeared  on  left 
end  of  beam  24  in.  from  l/3  point,  running  diagonally  4 in. 
upv/ard  toward  l/3  point.  Maximum  load  was  reached  at  21  700  lb. 
when  beam  failed  on  right  end  by  diagonal  tension. 
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Beam  No.  617— 2. 

Ordinary  Storage 

First  sign  of  failure  occurred  at  applied  load  of 
18  000  rb.  on  right  side  of  "beam,  10  in.  from  1 /3  point,  running 
diagonally  upward  toward  1/3  point  6 in.  Next  sign  was  at 
an  applied  load  of  22  000  lb.  on  left  end  of  beam,  7 in.  from 
1^3  point,  running  diagonally  upward  7 in.  toward  1/3  point. 

This  latter  crack  was  hardly  visible  and  did  not  open  up. 

Maximum  load  was  22  250  lb.,  beam  failing  by  diagonal  tension 
on  right  side. 
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Discus sion . — 

Disregarding  tension  in  the  concrete  and  considering 


the  reinforcing  to  he  carried  horizontally  to  the  end  of  the 


beam,  the  maximum  unit  shearing  stresses  at  maximum  load,  as 

V 


computed  from  the  formula  v = 
In  this  formula  d’  = d 


bd'  * 

. 35kd,  where 


are  shown  in  Table  VI. 


therefore 


V = total  shear  due  to  maximum  load, 
b = breadth  of  beam  = 8 in, 

d = distance  from  compression  face  to  center  of 
reinforcement  = 10  in. 

k = ratio  of  distance  between  compression  face 
and  neutral  axis  to  distance  d. 
k = ,47 

d' = io  - f . 35 ) f . 47 ) (10)  = 8.355  in. 

W W 

, v * — — = — ; — — for  each  beam  where 

2 x 8 x 8.355  133.7 


W = maximum  load  in  pounds.  These  stresses,  shown  in  Table  VI, 
are  so  low  that  it  is  not  probable  that  failure  occurred  due  to 
shear,  meaning  by  shear  the  failure  along  a vertical  or 
horizontal  plane. 


Table  VI. 


Summary. 

Beam  Maximum  Load  Deflection  Stress  in  Maximum  v = lb. 


Bo. 

pounds 

at  100001b 
inches 

.Steel 
lb.  per 
sq.  in. 

Deflec- 
tion . 
inches . 

per 

sq.  in, 

Remarks . 

n 

611-1 

12 

0.00  ' ’ 

0.035 

21 

900 

0.14 

164.0 

Dry  storage. 

611-2 

22 

400 

0.030 

25 

800 

0.15 

168.0 

Dry  storage. 

612-1 

19 

500 

0.040 

22 

500 

0.16 

145.0 

Damp  storage. 

612-2 

18 

450 

0.035 

21 

300 

0.19 

138.0 

Damp  storage. 

613-1 

14 

000 

0.040 

16 

100 

0.08 

104.0 

Wet  storage. 

616-1 

20 

000 

0.025 

23 

100 

0.08 

149.0 

Dry  mixture. 

617-1 

21 

700 

0.040 

25 

000 

0.18 

162.0 

Ordinary  mix. 

617-2 

22 

250 

0.035 

25 

700 

0.16 

192.0 

Ordinary  mix. 

Av. 

19 

600 

0.035 

22 

600 

0.14- 

152.0 

Ar  2,  S ~ /fe 


' 

- 
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A study  of  Table  VI.  will  show  that  the  stress  in 

the  steel  at  maximum  load  was  in  every  beam  well  within  the  yield 

point.  The  stress  in  the  steel  was  calculated  using  formula 
M 

f = stress  = -rrr  , taken  from  Bulletin  No.  4.  deducing  this 
Ad 

formula,  the  following  equations  were  made. 


k = mu  ur  x = -r-rr  = 1.155V  for  each  beam  where 
V = maximum  loadAin  pounds. 

A comparison  of  the  deflections  of  each  beam  at 
applied  load  of  10  000  lb. .shown  in  Table  VI.,  indicates  that  the 
beams  were  all  of  uniform  mixture,  giving  sufficient  stiffness 
and  strength,  as  stress  in  steel  was  22,600  lb. per  sq.  in.,  Table  V. 

A better  comparison  might  have  been  made  of  the  wet 
storage  series  if  both  beams  had  been  tested,  but  owing  to 
unavoidable  circumstances  the  second  beam  of  this  series  was 
not  made  until  very  late  and  cannot  be  tested  until  June  1,  1907. 


^ ^ = ratio  of  metal  reinforcement  to 

area  or  concrete  above  center  of  reinforcement 


. 


. 
V 


' 

, 
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Table  VII. 
DATA  ON  BEAMS 
Storage 


Beam  No.  Storage  Maximum  Load.  Method  of  Failure. 

pounds 


611-1 

Dry 

19  1 00 

Diagonal 

tension. 

611-2 

Dry 

22  400 

Diagonal 

tension. 

612-1 

Damp 

19  500 

Diagonal 

tension . 

612-2 

Damp 

18  450 

Diagonal 

tension. 

613-1 

Wet 

14  000 

Diagonal 

tension. 

613-2 

Wet 

Av. 

18  690 

Table  VIII. 
DATA  ON  BEAMS . 
Consistency 


Beam  No. 

Mixture  Maximum  Load. 

Method  of  ! 

Failure . 

pounds 

616-1 

Dry 

20  000 

Diagonal 

tension. 

616-2 

Dry 

617-1 

Ordinary 

21  700 

Diagonal 

tension. 

617-2 

Ordinary 

22  250 

Diagonal 

tension. 

Av. 

21  300 
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The  above  tables  will  give  general  information 
regarding  all  the  beams  tested.  The  Summary  Table  VI.  also 
gives  additional  data  regarding  maximum  deflection,  stress  in 
the  steel  and  shear  in  the  beam  at  maximum  load. 

It  is  evident  from  the  results  that  no  definite 
conclusions  can  be  drawn  as  to  the  real  effect  of  storage  and 
consistency  in  reinforced  concrete  beam  construction.  A 
greater  number  of  beams  should  be  made  for  each  series  in 
order  to  obtain  a wider  scope  and  more  data  for  these  particular 
phenomena. 

Beams  Bo.  611-1  and  611—2,  (dry  storage),  shown  in 
Table  VII,  compare  favorably  in  strength  with  the  other  beams 
stored  under  different  conditions  of  temperature  and  moisture, 
and  it  is  not  possible  that  these  beams  dried  out  too  much. 

It  is  evident  that  the  beams  were  well  tamped  as  they  show  a 
maximum  load  of  19  000  and  22  000  lb.  respectively,  which  is 
a good  average,  for  the  storage  series  show  an  average  of 
18  700  lb.  The  beams  both  failed  by  diagonal  tension. 

Beams  Bo.  612—1  and  612—2,  (damp  storage),  failed 
at  an  average  maximum  load  of  18  900  lb.,  which  shows  good 
strength  and  stiffness,  as  compared  with  the  average  of  18  690 
lb.  for  the  storage  series.  This,  however,  is  lower  than  the 
dry  storage  series,  but  a glance  at  the  deflection  curves 
shows  that  these  beams  gave  greater  defleotions,  the  average 
being  approximately  0,18  in.  at  maximum  load  as  against  .14  in. 
for  the  dry  series.  This  shows  the  dry  storage  beams  to  be 
the  stiffer  of  the  two  series.  Table  VI.  shows  the  vertical 


. 


. JH  j§  I II I 


r--  . 
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shear  and  stress  in  the  steel  to  he  below  that  of  the  "dry 
storage"  also.  Both  series  failed  by  diagonal  tension. 

Beam  Ho,  613—1,  the  only  beam  tested  of  the  "wet 
storage  series"  shows  unusually  low  strength  and  stiffness, 
the  maximum  load  being  14  000  lb.  and  maximum  deflection, 
Table  VI.,  .08  in.  This  beam  broke  at  a low  load,  but  no 
lower  than  some  of  those  tested  by  Messrs.  Foreman,  James  and 
Hinsey.  We  cannot  say,  then,  that  the  moistening  was  the 
cause  of  the  low  strength. 

Beam  Ho.  616—1,  the  only  beam  tested  of  the  "dry 
mixture"  series  gave  a maximum  load  of  20  000  lb.  which  is 
below  the  average  for  this  mixture  series.  The  beam  lacked 
the  average  stiffness,  only  deflecting.  Table  VI.,  .08  in.  at 
maximum  load. 

Beams  Ho,  617-1  and  617-2,  (ordinary  mixture),  show 
results  above  the  average,  the  maximum  load  being  21  000  lb. 
and  maximum  deflection  .17  in.  The  vertical  shear  was  also 
above  the  average,  being  170  lb.  per  sq.  in.  The  stress  in 
the  steel  was  very  high,  giving  an  average  of  25  000  lb.  per 
sq.  in.  at  maximum  load. 

Table  VI.  shows  that  for  deflections  at  10  000  lb. 
the  lowest  amount  was  for  dry  storage  beams,  this  deflection 
increasing  for  damp  storage  beams  and  wet  storage  beams 
respectively.  This  shows  that  the  beams  having  dry  storage 
are  the  stiffer  of  the  three  series  tested,  and  that  beams 
which  are  frequently  dampened  will  give  greater  deflections. 


Possibly  the  beams  having  considerable  moisture  set  more 
slowly.  The  vertical  shearing  stress,  shown  in  Table  VI., 
is  well  above  the  average  of  beams  having  similar  reinforce- 
ment, and  compares  favorable  with  that  of  other  beams  having 
heavier  and  more  efficiently  arranged  reinforcement. 
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V.  CONCLUSIONS. 

Storage.—  From  the  variation  of  the  results  of  the  three 
"kinds  of  beams  stored  for  this  thesis;  namely:  dry,  damp,  and 
wet,  the  following  conclusions  have  been  drawn. 

1.  Beams  stored  in  dry  places  and  protected  from  the 
sun  and  weather,  (if  thoroughly  tamped),  will  produce  good 
results  as  to  strength,  stiffness,  and  manner  of  failure. 

2.  lamp  storage  beams,  that  is,  beams  that  are  moistened 
frequently  and  not  allowed  to  become  dry,  protected  also  from 
the  sun  and  weather,  will  give  best  results. 

3.  No  definite  conclusions  can  be  drawn  from  the 
results  of  the  one  test  made  on  the  wet  storage  beam. 

Consistency.-  From  the  results  of  the  two  mixtures  used 
for  the  test  beams  in  this  thesis  the  following  conclusions 
may  be  drawn. 

1.  Iry  mixtures  are  undesirable,  as  they  may  not  give 
highest  strength. 

2.  The  ordinary  method  of  mixing  concrete  for  beams 
gives  the  best  results;  that  is,  the  stone  should  be  thoroughly 
wet  before  adding  to  the  mixture  of  sand  and  cement. 

In  general,  beams  used  in  building  construction, 
which  are  exposed  to  the  sun  and  weather,  should  be  made  of  the 
ordinary  wet  mixture  and  dampened  frequently  so  as  to  prevent 
too  rapid  setting  and  drying  out,  thus  giving  a beam  that  will 
stand  the  greatest  loads  and  prove  more  lasting  than  those 
made  in  any  other  way. 
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TABLES  OF  RESULTS  OF  TEST  PIECES  OK  INVESTIGATION  OF  STORAGE 


Beam  ! 

No  611—1 . 

Beam 

No.  612-2 

Dry  Storage 

Lamp 

Storage. 

Applied  Load 

Reflections 

Applied  Load  Reflections 

pounds 

At  Center. 

pounds 

At  center. 

2 000 

0.01 

2 000 

0.005 

4 000 

0.01 

4 000 

0.0C5 

6 000 

0.015 

6 000 

0.015 

8 000 

0.025 

8 000 

0.025 

10  000 

0.035 

10  000 

0.035 

12  000 

0.045 

12  000 

0.045 

14  000 

0.055 

14  000 

0.055 

16  000 

0.065 

16  000 

0.07 

18  000 

0.085 

18  000 

0.09 

19  000 

0.12 

18  450 

0.185 

12  500 

0.18 

4 500 

0.185 

3 000 

0.26 

Beam 

No.  611-2. 

Beam 

No.  613-1. 

I'ry  Storage 

Wet 

Storage 

2 000 

0.01 

2 000 

0.00 

4 000 

0.01 

4 000 

0.01 

6 000 

0.02 

6 000 

0.02 

8 000 

0.02 

8 000 

0.03 

10  000 

0.03 

10  000 

0.04 

'12  000 

0.04 

12  000 

0.056 

14  000 

0.05 

14  000 

0.08 

16  000 

0.06 

6 000 

0.14 

18  000 

0.075 

5 200 

0.19 

20  000 

0.09 

4 000 

0.24 

22  400 

0.14 

5 000 

0.19 

Bearn 

No.  612-1. 

Lamp 

storage 

2 000 

0.005 

4 000 

0.015 

6 000 

0.025 

8 000 

0.025 

10  000 

0.04 

12  000 

0.05 

14  000 

0.06 

16  000 

0.08 

18  000 

0.095 

19  500 

0.15 

5 100 

0.20 

■ 
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TABLES  OP  RESULTS  OF  TEST  PIECES  ON  INVESTIGATION  OF  CONSISTENCY. 


Beam  No. 

, 616-1. 

Beam  No, 

617-2. 

Dry  mixture 

Ordinary  mixture. 

Applied  Load 

Deflections 

Applied  Load 

Deflections 

pounds 

At  Center 

pounds 

At  Center 

inches 

inches 

2 000 

0.00 

2 000 

0.01 

4 000 

0.01 

4 000 

0.015 

6 000 

0.015 

6 000 

0.015 

8 000 

0.02 

8 000 

0.025 

10  000 

0.025 

10  000 

0.035 

12  000 

0.03 

12  000 

0.045 

14  000 

0.04' 

14  000 

0.055 

16  000 

0.05 

16  000 

0.065 

18  000 

0.06 

18  000 

0.075 

20  000 

0.08 

20  000 

0.09 

6 500 

0.15 

22  000 

0.115 

2 500 

0.23 

22  250 

0.155 

12  000 

0.195 

Beam  No 

. 617—1 

Ordinary  mixture 

2 000 

0.00 

4 000 

0.015 

6 000 

0.025 

8 000 

0.035 

10  000 

0.04 

12  000 

0.05 

14  000 

0.065 

16  000 

0.08 

18  000 

0.10 

20  000 

0.12 

21  700 

0.18 

16  000 

0.19 

4 500 

0.26 

. 


App/zed  Load  //?  Moc/nds 
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n 1 1 1 1 1 1 1 m 


BEAM  MO  6//./ 

LOry  MLopsye  M/xft/re 

/SSJ&  Me//? force/?? cz/L 

d Ada//?  Mo  0/7 o'  Mods 

Loads  Mpy/zed  oZ  jf  Mo /Ms 
Max.  Load  Zd,  CCC  y cards 
Mo /Zed  dy  MZayo/zcZ  7e/7sZo/? 


20000 


OeZZecf/ons  of  CenZer  //?  IrcZies 


i □ 

ltd 


jjj 


CUiCNC  DIKTZQCN  CO«»  CHICAGO. 


AyoT/ed  Lead  /r?  Cbunds 
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nrn 


Z40Q0 
: 2 2000 
aoooo 

/80C0 

/ecco 


/Try  A)  forage  . 

/CS fo  tee/nforeemenT 
4'  p~LC  PZa/s7  Mound  Mods 

Loads  dy^T/ed  aT  s Mo/nLs 
Max.  Load  Z2tf<?0  your/ds 
Aa/  Zed  Lay  L?/aaona/  Tens /or? 


m 

H 


' af  Center  vn 


CUtKNC  DICTZQCN  CO.,  CM 


n 1 1 m 1 1 1 m m it 


34 


App/zed  Load  zr?  Pounds 


BEAM  MO.  6/2.2 


BaAya  Sfor&ye  MzxMre  /EM 
/SSfo  Pe/x? force  77?  e/?f 
W 3 ~ Z 77.  P/CZZZO  PoU7?d  Pods 

fouc/o  App/zed  af^  Pozrts 
Max.  food  / 8,4 SO  Pozxrzc/s. 


coooo 


Ajo a//ed  Load  La  Poaads 
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BEAM  NO.  6/3./ 

\A/ef  3 forays  M/yfure.  Z-2--4 

/..5B/0  /?e//7/orce/7?e/7/' . 
4-4-/N  P/a//7  /found  Boats. 

Cs  rfltn  | rnr [ |T  L llOi^ 

Load 5 A/Ojo/zed  afj  Po/afs 
Max.  Load  /d}000  Pov/oda. 


20000 
A 6000 
/6000 


* 

imm 


a?OCC 


2000 


De  f Lee  f/ c/05  aL 


r /a  LacL/eo 


CUtINC  DICTZQEN  CO..  Cl 


II 


. 


Ap/ol/ed  Lea  c/3  /L?  Pear? c/s 
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BEAM  I/O  6/d./ 

Dry 

/EE J%>  Pe/Lpforeemer?/ 
d §-?/?.  P/a/r?  Poard  Pods 

Load  a Appl/ed  alp  Pc?/r?P 
Max.  Load  20>0<2&  Paa/ods 


20000 

/sooo 

/LWO 

0/000 


/2O00 

imjii 

/OOOO  0 


6000  ^ 


!Vj  > 


$ 


:7[T;T  rixffH fjffi ' i 

CUtINE  OIKTZQEN 


! D.ef/ecf/ons  a/  Center  /n  Inches 


* 


■L 


_J44444J 


Load  //7  Pouodj 


3£PA//  NO.  6/7./ 
Od/doxy  7\/7/x7t//cg  /-2.-d 

i / ddjfc  Pe/s? fo/ze/r7edL 

d-g  /d  P/a/x  Pound  Pods. 
Loado  Apjo/zed  0L3  Po/nfo 
A/ax.  Load  B/,  7/70  Poundo 


W\ 

m 


Pef/ecf/one  of  Cenler  fn  Inches 


CUtKNC  DIKTZQCN  C< 


CHICAGO. 


Ajo/o/zecL  Load  //?  Pounds 


I 


W3£AAf-/V0.  0/?% 

M/xfare:^^ 

/ L> LL/%  Pa/ozLono a x?7 ox?  L 
4 s~/n  P/d/P  Poc/xd  Pods 
Loads  Ap/oZ/ed  aLjPo/x?fs 

Max.  Load  22j2dO  Poax7ds 


24000 

22000 

20000 


Q> 


H 


Pef/ecf/ons  aL  Center  /n  Inches 


CtltlNt  DIKTZQCN  C< 


,20 
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Beam  Ho.  611—1 
Dry  Storage. 
Maximum  Load  19000  lb. 
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Beam  ITo.  612—1. 
Damp  Storage. 
Maximum  Load  19500  lb. 
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Beam  Ho.  613—1. 

Wet  Storage. 
Maximum  Load  14000  lb. 
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Beam  lo . 616—1 
Dry  Mixture. 
Maximum  Load  £0000  lb. 


Lab  App  Mi.ch 


44 


Beam  ITo.  617-1. 
Ordinary  Mixture. 
Maximum  Load  21700  lb 


